Five Yorkshire • Lacombe barrows (45 kg initial wt) fitted with duodenal cannulas approximately 10 cm from the pyloric sphincter were used to determine the influence of the pH of the predigestion solution (pH 1.0, 1.5, 2.0 or 2.5), pepsin activity (189 vs 377 IU/liter) and duration of predigestion (0, 1.5, 2.5 or 4.0 h) on the apparent digestibility of the protein in soybean meal (SBM), meal and bone meal (MBM) or canola meal (CM) determined with the Mobile Nylon Bag Technique (MNBT). An additional six barrows were used to determine protein digestibility by conventional methods. Protein digestibilities determined using conventional digestibility techniques were 93.1 + .7, 79.1 -+ 1.8 and 79.3 +-1.4% for the SBM, MBM and CM diets, respectively. Protein digestibilities determined with the MNBT were highest at pH 2.0 for all three protein sources. Increasing pepsin activity from 189 to 377 IU/liter resulted in a slight increase in the digestibility of SBM and CM, but not of MBM. The absence of predigestion (0 h) resulted in a dramatic reduction in protein digestibility; predigestion times of 1.5 or 2.5 h usually resulted in lower protein digestibilities than did a predigestion time of 4.0 h. The closest agreement between results obtained by the MNBT and conventional digestibility studies occurred with a pH of 2.0, a predigestion time of 4.0 h and a pepsin activity of 377 IU/liter.
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Conventional digestibility techniques involving either total fecal collection or the use of an indicator are expensive and time consuming and require relatively large amounts of feed (Schneider and Flatt, 1975) . As a consequence, these techniques are impractical for routine feed analysis, particularly when large numbers of samples are involved. 2 We acknowledge the technical assistance of Brenda Reminsky and the staff of the Univ. of Alberta Metabolic Unit.
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Received August 4, 1987 . Accepted March 1, 1988 Some of the problems associated with conventional digestibility techniques can be overcome by using the recently developed Mobile Nylon Bag Technique (MNBT; Sauer et al., 1983) . In this method, small samples of finely ground feed are sewn into nylon bags and placed into a small beaker containing hydrochloric acid and pepsin to simulate gastric digestion. After a short incubation period, the nylon bags are removed from the beaker and inserted into the digestive tract of a pig by means of a duodenal cannula. The bags travel through the digestive tract and eventually are recovered in the feces. The amount of material remaining in the nylon bag, after passage through the digestive tract, can be used to calculate the apparent protein digestibility of the feedstuff in question.
The initial results that were obtained with the MNBT were more variable than those obtained in conventional digestibility studies (Sauer et al., 1983) . Therefore, the present study was undertaken to obtain more detailed 1963 J. Anim. Sci. 1988 Sci. .66:1963 Sci. -1968 insight into the factors that affect the digestibility of protein as determined by the MNBT.
Materials and Methods
A series of experiments was conducted to determine the influence of various predigestion factors, inherent to the MNBT, on the apparent digestibility of the protein in soybean meal (SBM), meat and bone meal (MBM) or canola meal (CM). The factors studied were the pH of the predigestion solution, pepsin activity and the duration of predigestion.
Rigid T-cannulas were fabricated from Delrin nylon rod s according to specifications outlined by McBride et al. (1983) . The cannulas were surgically placed in the duodenum of five Yorkshire x Lacombe barrows (45 kg initial wt), at a site approximately 5 to 10 cm anterior to the pyloric sphincter, according to the procedures described by Sauer et al. (1983) . The cannulas were exteriorized on the right side of the pig through the llth or 12th intercostal space, at the level of the costo-chondral junction.
After surgery, the pigs were housed individually in stainless steel metabolic crates and allowed a 3-wk period to recuperate and regain their normal appetites. The pigs were not fed the day after surgery, but they received approximately 100 g of feed the day thereafter. Daily feed intake was then increased until the pigs consumed approximately 2 kg of feed/d. A detailed description of pre-and post-operative care has been presented previously (Sauer, 1976) . During the experimental period, the pigs were fed a standard grower diet (Table 1) much faster than the sewing method using previously (Sauer et al., 1983) . A 1-g sample of finely ground feed (.8 mm mesh) was placed into each nylon bag, and the open end of the bag then was heat-sealed. The bags were grouped into blocks of 10 and placed in a beaker containing 500 ml of a solution made up of deionized water, .01 N HC1 and purified pepsin powder s . The specific amounts used varied with the experiment being conducted. The beaker was placed in a 37~ water bath and agitated at a rate of 90 osciltations/min. Thereafter, the bags were removed from the beaker, washed with deionized water and frozen until required.
When an experiment was to be initiated, the frozen bags were thawed in a water bath at 37~ for 5 min. The thawed bags were inserted into the duodenal cannuIa of one of the experimental pigs during a 5-min period when the pigs were eating. Two bags were inserted into each pig during the morning and evening meals. The bags were passed with the feces and retrieved during daily searches commencing at 0800 and 1500. Only bags that were recovered within 72 h were used for subsequent analysis. Bags also were discarded if they were accidentally washed with urine or water or if they were chewed or otherwise damaged (e.g., the seal came apart during passage through the digestive tract).
Chemical analysis was initiated immediately after the completion of an experiment. The recovered bags were freeze-dried in a Virtis Model USM-15 Freeze Drier 9. After freeze-drying, the bags were cut open and the contents were analyzed for N using a micro-Kjeldahl procedure (AOAC, 1980) . The concentration of NH3 liberated during digestion was determined using the colorimetric method of Fawcett and Scott (1960) .
In the first experiment, the effect of altering the pH of the predigestion solution on the digestibility of protein determined with the MNBT was studied. Predigestion solutions with a pH of 1.0, 1.5, 2.0 and 2.5 were used. The pH of the different predigestion solutions was adjusted by adding NaOH solution to the stock solution of ,01 N HC1. The activity of pepsin in this solution was 377 IU/liter, and the duration of the incubation period was 2.5 h. The experiment was conducted over a 12-d period with a total of 48 bags being placed in each pig. This represented 80 bags for each of the three feedstuffs and 60 bags for each of the four pH levels. In the second experiment, the effect of pepsin activity on the digestibility of protein determined with the MNBT was studied. Predigestion solutions with a pepsin activity of 189 and 377 IU/liter were prepared. The pH of the solution was maintained at 2.0, and the duration of incubation was 2.5 h. The experiment was conducted over a 4-d period with a total of 16 bags being placed in each pig. This resulted in a total of 40 bags for each of the two pepsin activities as well as 20 bags for SBM and MBM and 40 bags for CM being tested. The activity of pepsin was confirmed using the procedures described by Bergmeyer (1963) .
In the third experiment, the effect of varying the duration of predigestion was studied. Predigestion times of 0, 1.5, 2.5 and 4.0 h were used. The activity of pepsin in the predigestion solution was 377 IU/liter at a pH of 2.0. The experiment was conducted over a 12-d period with a total of 48 bags being placed in each pig, which represented 80 bags for each of the three feedstuffs and 60 bags for each of the four predigestion times.
A conventional digestibility study also was conducted to determine reference values for comparative purposes. This study was carried out using six Yorkshire • Lacombe barrows over the weight of 45 to 65 kg. The experimental animals were housed individually in stainless steel metabolic cages and fed a cornstarch-based diet (Table 2) formulated to contain 16% CP from supplemental SBM, CM or MBM. The protein supplements were obtained from the same source as those used for the MNBT. The pigs were fed 1 kg of diet twice daily, at 0800 and 2000, with water available ad libitum throughout the experiment.
The conventional digestibility study was conducted in the form of a replicated 3 x 3 latin square; each test period consisted of an 8-d adaptation period followed by a 3-d fecal collection. At the conclusion of the experiment, feed and feces were freeze-dried, ground in a Wiley mill through a .8-mm mesh screen and thoroughly mixed before samples were taken for analysis. Analyses for DM and N were performed according to AOAC (1980) methods. Apparent protein digestibilities were determined using chromic oxide as a digestibility marker; chromic oxide levels were determined according to the method of Fenton and Fenton (1979) .
Statistical Analysis. All data were subjected to analysis of variance (Steel and Torrie, 1960) using the GLM procedure (SAS, 1985) . When appropriate, regression analysis was conducted to partition the treatment variance into linear and quadratic components.
Results and Discussion
Apparent protein digestibilities determined using conventional digestibility techniques were 93.1 + .7, 79.1 + 1.8 and 79.3 + 1.4% for the SBM, MBM and CM diets, respectively. These data are similar to previously published values (Sauer et al., 1982; Jorgensen et al., 1984) and are presented to provide a reference point with which to evaluate the potential of the MNBT to predict in vivo protein digestibility.
The majority of nylon bags that were removed from the experiment were discarded due to being washed or otherwise damaged and not because of an excessively long passage time. The mean transit time required for the nylon bags to pass through the digestive tract was 35.3 h. This value compares favorably with the results of Metz and Dekker (1985) , who reported that the mean transit time of digesta in growing pigs fluctuated between 24 and 48 h. Bags that were recovered after 72 h represented only 2.5% of the total number of nylon bags used.
The effect of altering the pH of the predigestion solution on protein digestibility deter- Csupplied per kg of diet; 1,300 IU vitamin A; 150 IU vitamin D 3 ; 11 IU vitamin E; 2 mg vitamin K; 2.2 mg riboflavin; 12 mg niacin; 11 mg pantothenic acid; 550 mg choline; 1.1 mg thiamine; 1.1 mg pyridoxine; .6 mg folic acid; 11 vg vitamin B1z ; 50 mg Fe; 50 mg Zn; 2 mg Mn; 3 mg Cu; .15 mg Se. mined using the MNBT is presented in Table 3 . In general, digestibility coefficients obtained with the MNBT were lower than those obtained in the conventional digestibility trial. Predigestion conducted at a pH of 2.0 resulted in the highest digestibility coefficients for each feedstuff tested, with lower digestibility coefficients being obtained as a result of either increasing or decreasing the pH of the predigestion solution (quadratic effect, P < .01). This finding is consistent with previous studies that showed that pepsin was active in the proteolysis of protein substrates over a pH range extending from below 2 to above 4, with an optimum activity for most proteins at about pH 1.8 (Kratzer and Porter, 1962) . aAll digestibilities determined using a pepsin activity of 377 IU/liter and a predigestion period of 2.5 h. aAtl digestibilities determined using a pH of 2.0 and a predigestion period of 2.5 h.
bNumbers in parentheses indicate number of observations per mean.
In Exp. 1, the closest agreement between the results obtained from the MNBT and those obtained from the conventional digestibility trial occurred using a predigestion solution with a pH of 2.0 for SBM and CM; a pH of 1.5 produced the closest agreement for MBM. Under these conditions, protein digestibilities determined with the MNBT differed from those obtained in the conventional digestibility study by 2.3, .7 and 2.6 percentage units for the SBM, MBM and CM diets, respectively.
The effect of altering pepsin activity on protein digestibility determined with the MNBT is shown in Table 4 . As the pepsin activity increased, the protein digestibility of SBM and CM, but not of MBM, increased. These results indicate that a higher concentration of pepsin may be required to maximize the hydrolysis of plant protein compared to animal protein.
In Exp. 2, the closest agreement between the results obtained from the MNBT and those obtained from the conventional digestibility trial occurred using a pepsin activity of 377 IU/liter. Under these conditions, protein digestibilities determined with the MNBT differed from those obtained in the conventional digestibility study by 1.6, .5 and .9 percentage units for the SBM, MBM and CM diets, respectively.
The effect of varying the duration of predigestion on protein digestibility is shown in Table  5 . In general, as the duration of the predigestion time increased, protein digestibility increased (linear and quadratic effect, P < .01). The absence of predigestion (0 h) resulted in a dramatically lower protein digestibility in comparison with the other treatments. These resuits indicate the relative importance of protein digestion by pepsin and suggest that, although digestion of protein in the stomach is not essential, there will be a substantial decrease in protein digestibility when it is absent. In Exp. 3, the closest agreement between digestibility coefficients obtained by the MNBT and conventional studies occurred with a predigestion period of 4.0 h for all feedstuffs tested. Using a predigestion period of this duration, protein digestibilities determined with the MNBT differed from those obtained in the conventional digestibility study by .6, .2 and 1.5 percentage units for the SBM, MBM and CM diets, respectively.
Although the rate of emptying of the stomach in vivo is affected by many factors (Kidder and Manners, 1978) , it is estimated that the time between ingestion of a meal and passage to the duodenum is generally between 2.5 and 5 h (Keys and DeBarthe, 1974) . Therefore, determination of protein digestibility using the MNBT and a predigestion period of 4 h would appear to parallel closely the situation that occurs in vivo.
In conclusion, the overall results of these experiments present a detailed insight into some of the factors that should be taken into consideration for the maximum optimization of the MNBT. Protein digestibility values obtained using a pH of 2.0, a predigestion time of 4.0 h and a pepsin activity of 377.4 IU/liter gave values very similar to those obtained in conventional digestibility studies. Under these conditions, the MNBT would appear to have considerable potential for use in the rapid determination of protein digestibility for swine.
